Introduction

1
The study of wave diffraction has attracted major interest since its discovery, in the XVII century, by Francesco Maria 2 Grimaldi in the context of light wave propagation (see Mow and Pao, 1971 for an excellent historical account). Indeed the 3 term diffraction was then introduced to indicate a deviation from the rectilinear path which could not be accounted for by 4 either reflection or refraction. Starting from the pioneering work by Clebsch (1863) and Strutt (1877) , diffraction of elastic 5 waves by inclusions, barriers and obstacles has been investigated in a vast body of literature. Nonetheless, only in fairly 6 recent times could the importance of dynamic effects in determining the stress concentration in the presence of geometric 7 discontinuities be appreciated. Indeed, "dynamic stress concentration is a result of diffraction of elastic wave" ( Mow and 8 Pao, 1971 ). 9 Elastic wave diffraction and stress concentration are almost always investigated within the classical theory of Elastody-10 namics, which fails to account for the discontinuous nature of many engineering materials, the so-called microstructure.
11
As an example, this theory cannot predict dispersion of Rayleigh waves at high frequency, when the wavelength becomes 12 comparable to the material characteristic length ( Georgiadis and Velgaki, 2003 ) . Besides, the discrepancy between the clas-13 sical theory and the experimental evidence is more pronounced for those complex materials, such as composites, cellular 14 An intermediate step between the classical elastic theory and the most advanced strain gradient theories is provided by 23 the Cosserat micropolar model, which involves only rotational gradients ( Graff and Pao, 1967 ) . A special class of micropo-24 lar theories is represented by the indeterminate couple stress (CS) theory, developed by Koiter (1964) for the quasi-static 25 regime and later extended by Eringen (1999) to Elastodynamics. Alongside the traditional Lamé moduli, this elastic consti- 26 tutive model features two extra material characteristic lengths, associated to bending and torsion, as well as the micropolar 27 rotatory inertia. 28 Comparably few contributions can be found in the literature discussing wave propagation in solids with microstructure. 29 The original contribution by Graff and Pao (1967) plane strain. Scattering of antiplane shear waves caused by a cylindrical inclusion within the CS theory is considered by 34 Shodja et al. (2015) . 35 Enhanced models of continua may result in new types of surface waves, for example the appearance of new surface 36 antiplane waves in a half-space with surface stresses ( Eremeyev et al., 2016 ) . It is also worth noting that sometimes different 37 constitutive models may lead to the same qualitative wave pattern, as it is shown by Eremeyev et al. (2018) for antiplane 38 wave propagation within the Gurtin -Murdoch surface elasticity or considering the Toupin-Mindlin strain-gradient elasticity 39 models. 40 When stress concentration is investigated in microstructured media, it appears that all contributions available in the 41 literature deal with static or steady-state propagating problems. Zhang et al. (1998) give the full-field solution and stress in-42 tensity factors for the static Mode III crack problem (antiplane deformation) in a reduced CS material with three material pa-43 rameters (although only two affect the antiplane behaviour). The general solution for indeterminate CS materials is given in 44 Radi (2008) . Later, the problem of steady-state Mode III crack propagation has been investigated by Mishuris et al. (2012) and 45 Morini et al. (2014, 2013) . Georgiadis (2003) appears to be the first and only contribution considering dynamic stress con-46 centration in a straight semi-infinite crack in the presence of microstructure, although the latter is accounted for through the 47 simpler grade two strain gradient theory. Besides, the classical linear elastic fracture mechanics field, with time-harmonic 48 variation, is considered in the far field as the forcing term. 49 In this paper, a travelling wave loading, applied in the form of shear reduced tractions at the crack faces, is considered 50 as the forcing term. As a result, a complicated wave pattern appears, which differs significantly from the classical solution 51 given in Freund (1990) . This loading condition may be used as a building block to address, by means of superposition, any 52 wave propagation problem in a cracked CS half-space. Resonance is triggered when the applied loading is fed into the crack-53 tip at Rayleigh speed. Elastodynamic stress intensity factors are given, which generalize the corresponding results presented 54 in Radi (2008) for the static regime. They incorporate the effect of the applied loading frequency and thereby account for 55 the interplay of the diffracted waves. 
for the rotation vector
and for the torsion-flexure tensor
We observe that, through Eq. (3) , micro-rotations are determined by the macro-motion, which feature makes the CS theory a 
Hereinafter, a subscript comma denotes partial differentiation, e.g.
The Cauchy stress tensor t is decomposed into its symmetric and skew-symmetric parts, respectively σ and τ,
In addition, the deviatoric part of the couple stress tensor, μ, is introduced as being work-conjugated to χ T (Koiter, 1964 , 69 Eq. (2.22)). Indeed, the CS theory is named indeterminate after the observation that the first invariant of the couple-stress 70 tensor, i.e. tr μ = μ 11 + μ 22 + μ 33 , rests indeterminate and therefore it may be set equal to zero without loss of generality.
71
At any point of a smooth surface we may specify the reduced force traction vector p and the tangential part of the couple 72 stress traction vector q (Koiter, 1964 , Eqs. (3.5-6))
where we have μ nn = n · μn = q · n . In particular, at the bottom/top crack face x 2 = 0 ∓ , it is n = ±(0 , 1 , 0) and, according to 
The conditions of dynamic equilibrium of forces and moments read (Koiter, 1964 , Eqs. (2.7) and (2.9)) 77
where ϱ is the mass density and J is the rotational inertia. Within the framework of linear deformation, the total strain ε 78 and the curvature χ are connected to the stress and to the couple stress through the isotropic constitutive relations
where and G > 0 take up the role of Lamé moduli, 1 is the identity tensor, > 0 is a characteristic length and −1 < η < 1 is 
Please cite this article as: A. 
We observe that the skew-symmetric part τ of the total stress tensor t is determined by rotational equilibrium. 
where ı is the imaginary unit and 
When ( k ) ࣤ 0, the applied wave is impinging upon/moving out of the crack-tip. In the special case (k ) = 0 , a harmonic (in 107 time) loading, exponentially decaying along the crack, is considered. We observe that, in the general case, τ 0 = τ 0 (k, ) and 108 this problem may be used as a building block to solve any harmonic wave propagation problem in a cracked couple stress 109 half-space in antiplane deformation.
Q2 110
Assuming the same time-harmonic variation for the out-of-plane displacement as in the applied wave (12)
and substituting Eqs. (10a ) - (11) into (7) - (7c) , we get the metaharmonic PDE ( Georgiadis and Velgaki, 2003 , (19) ) for the 112 function w :
where w = w , 11 + w , 22 and we have let the dimensionless parameter ( Mishuris et al., 2012 ) 114
We observe that h is proportional to the dynamic characteristic length introduced in Shodja et al. (2015) . This generalized 115 bi-harmonic equation can be easily factored
where we have let the positive dimensionless parameter and, for convenience, we have chosen the scaling factor λ as to have 1 in the second factor of Eq. (15) 118
We observe that λ is a strictly monotonic increasing (decreasing) function of inasmuch as Using Eqs. (1) , (8), (10b) and (11) into the first of Eq. (6) , the corresponding loading conditions (12) becomes
Besides, the skew-symmetric character of Mode III requires
128
Therefore, the condition of zero micropolar traction q 1 (ξ 1 , 0) = 0 stands along the whole crack line and, in light of 
We note that the material parameter η only appears in the boundary conditions (18) 
where W ( ξ 2 ) decays fast enough away from the crack line and we assume m to be real. Then, Eq. (15) governing harmonic 138 motion for antiplane deformation gives
The constants C 1 and C 2 are determined imposing homogeneous boundary conditions on the crack surface, which amounts 142 to the vanishing of reduced force and couple stress traction at ξ 2 = 0 ,
Plugging Eq. (21) into the boundary conditions (23) yields the following linear system for the constants C 1 and 
where
The function R ( s ) is the Rayleigh wave function for antiplane deformation in couple stress elastic materials. two purely imaginary roots s = ±ıb and the pair of complex roots s = ±s 3 , which may fall out of the physical Riemann sheet.
152
The location of the roots a and ıb against the parameters η and δ is presented in Fig. 2 . There, it can be observed that a ≥ δ,
153
b ≥ 1 and yet they sit very close to the branch points, especially for η > −1 / 2 . In particular, equality holds for η = 0 , for 154 which value roots become branch points (order 1/2). In the static limit, branch points collapse at the origin (i.e. δ = 0 ) that 155 becomes an order 1 root.
156
The pair of imaginary roots ± ıb is here connected to the strain-gradient effect. In general, it is associated to a fourth-157 order governing equation and it accounts for the edge-effect in shell theories Kaplunov and Nobili (2017) or for evanescent 158 modes in supported plates .
159
The real root a > 0 of the dispersion relation (24) provides the Rayleigh wave speed c R according to Eq. (13)
In the low-frequency limit, (
In fact, we have α(δ) = 0 = β(ı ) and the solution (21) is no longer decaying away from the crack line. As it is usually the 165 case, Rayleigh waves occur at speed slightly below that of bulk shear waves, i.e. c R < ˜ c ( Destrade et al., 2016 ) . 166 In the special case h 0 = h 0 cr and η = 0 , the situation of classical antiplane elasticity is retrieved, which does not support Rayleigh-wave speed c R grows monotonically with the wavenumber ( Fig. 3 a) 
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In the inverse transform, the integration path L is obtained by deformation of the real interval, as described in the follow- 
where C 1 and C 2 are complex-valued functions of s . 
The full-range transform of the reduced traction vector at the l.h.s of Eq. (18) is
The minus half-range Fourier transform of the first boundary condition (12) reads 
Plugging the solution (27) into Eq. (33) gives a connection between C 1 and C 2 210
Thus, making use of the general solution (27) and of the connection (34) , we find for the full-range Fourier transform of the 211 traction vector (30)
where In light of Eqs. (27) , (32) and (34) , we get for the displacement w (s, 0) 
Consequently, the Tauberian theorem for the Fourier transform gives ( Roos, 1969 ) 
Radiation condition
225
As discussed in (Noble, 1958 ∂w ∂r
uniformly in ϑ. Such behaviour should be recovered by the present solution, although the field equation (12) 
Taking the inverse transform of (27) and using Eqs. (34) and (38) we have and, in consideration of (29) , the limit as ξ 2 → ∞ is given by 
the last equality being obtained by Jordan's lemma.
246
5. Full-field solution by the Wiener -Hopf method 247 In the present section the Wiener-Hopf analytic continuation technique ( Freund, 1990; Noble, 1958; Roos, 1969 ) is used 248 to obtain the full-field solution for a semi-infinite crack in a half-space subject to a reduced traction shear wave applied 
. With this knowledge, the function K ( s ) can be factorized into the product of two functions, 253 K ± ( s ), analytic in the corresponding domain D ± ( Fig. 5 ) . Indeed, let us introduce the function 254
where s 0 is a special point defined in Eq. (A.4) . The choice of β( s ) in place of α( s ) at the numerator of F ( s ) is equally possible 255 but it prevents considering the special cases η = 0 and δ = 0 within the general framework. Indeed, for η = 0 , the roots ± a 256 and ± ıb coincide with the branch points ± δ and ± ı, respectively, and they become of order 1/2. Similarly, for δ = 0 , the 257 pair of simple roots ± a collapse into the simple root a = 0 .
258
The function F ( s ) is even, satisfies the reflection principle (37) , and it tends to 1 as | s | → ∞ . Besides, it has neither roots 259 nor poles in the cut physical sheet, although it exhibits two branch cuts with the parametrized representation
Consequently, it admits the product decomposition 
Details of the factorization may be found in Appendix A .
263
Once the factorization has been accomplished, Eq. (45) provides
so that K ± (−s ) = K ∓ (s ) and we have the leading term asymptotics 
The factor e ∓ıπ /4 warrants that we have
Therefore, in light of (40) 
6. Results
281
Representation of displacement
282
The inverse Fourier transform of Eq. (50) gives the displacement along the crack line
Ahead of the crack tip, displacement can be conveniently determined closing the integration path L around the top branch 284 cut, K + , and adding the contribution of the poles s = −k, −a and s = ıb, namely
We remark that simple poles represent travelling waves. Indeed, the second term in square brackets provides the dis- 
Representation of stresses
312
The full-range Fourier transform of the symmetric and of the skew-symmetric shear stress along the crack line read
and 314 t 23 (s,
The 
(1)
where n ∈ {1, 2}, 
The behaviour of the symmetric and of the total stress is shown in Figs. 8 and 9 , while couple stress is plotted in Fig. 10 . 
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